Cellular delivery of polyheteroaromate-peptide nucleic acid conjugates mediated by cationic lipids.
In the search of facile and efficient methods for PNA cellular delivery, we have tested a series of PNA conjugates based on (hetero) aromatic, lipophilic compounds such as 9-aminoacridine, benzimidazoles, carbazole, anthraquinone, porphyrine, psoralen, pyrene, and phenyl-bis-benzimidazole ("Hoechst"). These chemically modified PNAs were delivered to cultured pLuc705HeLa cells mediated by cationic liposomes (LipofectAMINE or LiofectAMINE2000), and their nuclear delivery was inferred from induced luciferase activity as a consequence of pre-mRNA splicing correction by the antisense-PNA. PNAs modified with 9-aminoacridine, "Hoechst", or acetyl-"Hoechst" showed highest antisense activities (while unmodified PNA failed to show any significant antisense activity). In particular, bis-acridine-conjugated PNA showed nearly 60% splicing correction at 250 nM concentration in combination with LipofectAMINE2000. Interestingly, relative differences between the derivatives were observed when LipofectAMINE was used as compared to LipofectAMINE2000, but in general the latter yielded the higher antisense activity. The most active modifications of these PNA constructs were further tested for antisense down-regulation of luciferase in p53R cells in order to evaluate the cytoplasmic activity (uptake) of the PNAs. A dose-dependent down regulation of luciferase was demonstrated also in this system. The PNA conjugated to acetyl-Hoechst caused a reduction of luciferase activity to less than 40% of the control at a concentration of 1 muM. These results indicate that conjugation of (hetero) polyaromatic compounds to PNA can dramatically improve liposome-mediated cellular delivery both to cytoplasm as well as to the nucleus. However, no clear structure/activity relations are apparent from the present results, except that both 9-aminoacridine and "Hoechst" are also nucleic acid binding ligands.